Population subdivision or recent admixture of populations can lead to spurious associations between the certain phenotypes and unlinked candidate loci in case-control and cohort studies of association. False positive associations due to population stratification can be controlled by genotyping a few dozen unlinked genetic markers. Lots of researches have reported SNP markers with high ethnic differentiation among African and European populations, but very few SNP panels can test stratification among Asians, especially in eastern Asians. Therefore, we developed the first SNP assay to test stratification between Chinese and Japanese populations living in East Asia. The ancestry informative SNP markers (AIMs) were selected from HapMap Affymetrix 500K data and evaluated on 113 unrelated subjects recruited from Xi'an City, located Northwest of China. This SNP based assay has proven very reliable, and made it possible to perform population stratification analyses with Sequenom MassARRAY SNP genotyping technology. The SNP assay showed excellent promise as a highly potential application to test population stratification in case-control studies of association in Eastern Asians.
INTRODUCTION
Great efforts and expenses have been expended in attempts to detect genetic polymorphisms contributing to susceptibility to complex human disease. Single nucleotide polymorphisms (SNPs), as the most abundant form of genomic sequence variation, are very robust and useful for a variety of different applications such as genome wide associations (GWAS), forensic genetics, clinical genetics and pharmacogenetics (Quintáns et al., 2004; Kidd et al., 2006; de Bakker et al., 2006; Marsh et al., 2002) . SNPs have been increasingly used as a means for investigation of the genetic causes of complex human diseases in Chinese populations (Lee et al., 2010; Tsai et al., 2010; Han et al., 2009; Yang et al., 2009 ; Niu *Corresponding author. E-mail: wangqing@fmmu.edu.cn. #Co-First Author. et al., 2010) , and extensive catalogues of SNPs across the genome have been constructed.
For many diseases, population-based studies of unrelated individuals in which case-control and cohort studies serve as standard designs for genetic association analysis can be the most practical and powerful approach (Cardon and Palmer, 2003) . Population subdivision or recent admixture of populations can lead to biased or spurious associations between a phenotype and unlinked candidate loci in association studies (Pritchard and Rosenberg, 1999) . False positive associations due to population stratification can be controlled by genotyping a few dozen unlinked genetic markers (Freedman et al., 2004) .
Lots of papers have reported SNP markers with high ethnic differentiation among African and European populations, but there are very few SNP panels that can test stratification among Asians, which should be noticed by association analysis in eastern Asian populations (Xu et al ., 2008 , 2009 Reich et al., 2009) . Some SNPs show little allele frequency variation between populations with near genetic background still remaining highly informative (Kidd et al., 2006) . Therefore, we have developed the first SNP detection assay to test population stratification between Chinese and Japanese populations on genotype-phenotype association studies, set up a method to detect and account for it, and present suggestions for future study design and analysis in eastern Asians. We also discussed the possibility of using the panel on forensic identification.
MATERIALS AND METHODS
SNP markers for all autosomal chromosomes deposited by the Affymetrix 500K panels of HapMap samples were used to determine ancestry informative markers (AIMs). The data set was downloaded from http://www.affymetrix.com. The Affymetrix 500K array sets contain SNPs that are spread evenly across the genome, and were developed for genome-wide association and fine mapping studies. The samples used to generate allele frequency datasets of the 500K SNP array consist of 90 unrelated HapMap Japanese (JPT) and Chinese (CHB) samples (45:45). We used another Chinese population to validate the population stratification test effects of the candidate SNPs.
113 unrelated Chinese Han adult subjects were recruited in Xi'an city in China (CHX), and consisted of 84 males and 29 females. All subjects were healthy and unrelated. Sample collection was approved by the respective ethics panel of Xi'an Jiaotong University and signed informed-consent documents were obtained from all participants before they entered the study. The study was approved by the ethics committees of Fourth Military Medicine University. Genomic DNA was extracted from whole blood using the phenolchloroform extraction method. DNA concentration was measured by spectrometry (DU530 UV/VIS spectrophotometer, Beckman Instruments, Fullerton, CA, USA).
SNP assay design and genotyping
Multiplexed SNP MassEXTEND assay was designed with Sequenom MassARRAY Assay Design 3.0 Software. SNP genotyping was performed by Sequenom MassARRAY RS1000 using the standard protocol recommended by the manufacturer. Data management and analyses were performed using Sequenom Typer 4.0 Software. Assay design and mass spectrometric genotyping were performed as previously described (Gabriel et al., 2009; Thomas et al., 2007) .
Statistical analysis
A computer program using Perl http://www.perl.org was written to export and pre-process the SNP information from the HapMap Affymetrix 500K data sets (the codes are available upon request). Heterozygosity of each locus was calculated with Microsoft Excel software. Population diversity index (FST) value was performed with Arlequin software (Excoffier et al., 2005) . Power of discrimination (DP) and cumulate power of discrimination (CDP) of candidate SNPs was with Microsoft Excel software (Fisher, 1951) .
Detection of population substructure was carried out through the program STRUCTURE 2.0, which uses a Markov chain Monte Carlo (MCMC) algorithm to cluster individuals into different cryptic sub-populations (Pritchard et al., 2000) . Admixture and correlated allele frequency models were selected for the HapMap data, and the number of subpopulations was assigned as K= 2. 30,000 steps were run. Validation of informative SNPs on CHX population was tested by STRUCTURE 2.0 with un-admixture and correlated allele frequency models, and other parameters were set as that of HapMap data.
RESULTS

Selection of AIMs
We selected AIMs from HapMap Affymetrix 500K data sets, which contained 500,568 SNPs. After excluding SNPs whose call rate was < 95% or Hardy-Weinberg equilibrium (HWE) p < 0.001, the final SNP set maintained in the subsequent analyses contained 379,319 SNPs, yielding an average marker spacing of ~7.9 kb throughout the human genome. The median value of F ST between CHB and JPT was 0.0065. The median value of F ST between HapMap populations is shown in Table 1 . The F ST value indicated that CHB and JPT have very similar genetic background, compared to Caucasians (0.0197) and Africa Americans (0.0392).
We selected 115 SNPs with F ST higher than 0.1 between CHB and JPT as AIMs for further analysis (supplementary Table 1 ). The largest F ST of the SNPs between CHB and JPT was 0.2065, with an average of 0.1166. The minor allele frequency (MAF) of AIMs ranged from 0.033 to 0.5 in CHB and JPT as shown in Figure 1 . Population structure analysis was performed with Structure 2.0 software. CHB and JPT were divided into two population clearly using 115 AIMs (Figure 2A ). The average proportion of CHB was 94.6% in Chinese cluster, while JPT was 93.7% in Japanese cluster. The results show the SNP assay was accurate in detecting population stratification between CHB and JPT in HapMap project.
SNP Genotyping in CHX population
115 selected AIMs were genotyped in CHX using Sequenom MassARRAY SNP genotyping technology. Raw SNP genotype data are shown in supplementary  Table 2 . The average SNP call rate was 98.75 with a range from 87.6 to 100%. The average observed heterozygosity was 0.4188 with a range from 0.186 to 0.6 (Supplementary Table 3 ). All loci passed the HWE test (p > 0.01).
Ethnic origin validation of CHX samples
All selected CHX samples, together with CHB samples and JPT samples, used Structure 2.0 software to validate their ethnic origin. We assumed all samples were from two unrelated populations since we wanted to validate their ethnic background.
So we chose unrelated population model for structure analysis. All CHX samples were identified to be from Chinese and the accurate rate of identification was nearly 100% ( Figure 2B ).
Discrimination power analysis
In order to analyze the individual's DP of the informative SNP markers, we calculated DP for each SNP and CDP. The average DP was 0.5448, ranging from 0.3444 to 0.6551 (supplementary Table 3 ), and the CDP was nearly equal to 1.
This SNP assay showed very powerful individual identification ability.
DISCUSSION
We have reported the first SNP panel using Sequenom MassARRAY technology to test population stratification between Chinese and Japanese populations in our study. More AIMs between populations or sub-populations were identified by population genetic studies or by GWAS (Lee, 2003; Bittles, 2005; Campbell et al., 2005; BennTorres et al., 2008; Price et al., 2007) . These findings offer us an opportunity to develop molecular methods to detect individual ethnic background in association studies. Recent research on Chinese Han populations by Li Jin et al revealed the genetic differentiation between South Han Chinese and North Han Chinese further proved the possibility to detect an individual's birthplace (or source) in Han subpopulations (Xu et al., 2009; Xu et al., 2009; HUGO et al., 2009) . This is also the first SNP assay to detect individual ethnic origin in East Asia using Sequenom MassARRAY SNP typing technology. It offered a molecular tool to help us in forensic investigations and anthropology studies. Forensic scientists have developed a series of STR and SNP panel for forensic identification of individuals by different technologies (Kidd et al., 2006; Pomeroy et al., 2009; Krjutskov et al., 2009; Li et al., 2006) . Sequenom MassARRAY SNP typing technology had already been used in oncogene mutation research (Thomas et al., 2007; Zhao et al., 2006) , complex disease related genes research (Craig et al., 2009; Cross et al., 2009; Huang et al., 2008) , pharmacogenetics (Falzoi et al., 2010; Dorey, 2001) , and human papilloma viruses examination (Soderlund-Strand et al., 2008) . The Sequenom Mass-ARRAY platform has several attractive features for users desiring an accurate custom SNP genotyping assay with modest multiplexing and minimal assay setup costs due to unmodified oligonucleotide primers. It utilizes a homogeneous reaction format with a single extension primer to generate allele-specific products with distinct masses, multiplexed PCR reactions, a single termination mix and universal reaction conditions for all SNPs, small reagent volumes, and a throughput of >100,000 genotypes per day/system (Gabriel et al., 2009 ).
Conclusion
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